Recurrent corneal erosion may be a difficult disorder to treat, with a number of patients suffering persistent symptoms despite conventional therapy. We present a series of 15 patients (17 eyes) who underwent excimer laser phototherapeutic keratectomy (PTK) for recurrent corneal erosion. In 9 patients a previous episode of cor neal trauma could be identified, while in 6 (8 eyes) the problem had occurred spontaneously. The mean duration of symptoms prior to PTK was 13 months (range 6-60 months). All patients had received lubricant ointments, 7 had tried bandage contact lenses and 4 had undergone epithelial debridement with no amelioration of their symptoms. The affect area of epithelium was removed and a 20-30 pulse (5-7 11m) ablation was performed to Bowman's membrane. Great care was taken to avoid the edges of treatment zones from encroaching on the axial cornea. In 11 patients (13 eyes) there was a marked improvement in symptoms post-operatively with no recurrences. The mean follow-up was 11 months (range 6-24 months). Four patients experienced recurrent epi sodes 3-6 months after PTK and 2 have subsequently been retreated, 1 of whom has been symptom-free for 12 months. Post-operative best corrected visual acuity was unaltered in 9 eyes and improved by at least one Snellen line in 8 eyes. Excimer laser PTK appears to be a safe and promising procedure for recurrent corneal erosion in cases refractory to medical treatment. Further studies are indicated to compare its effectiveness with established surgical procedures.
Recurrent corneal epithelial erosion was first described in 1872 by Hansen. 1 Typically, the patient experiences epi sodes of acute symptoms of pain, lacrimation and photo phobia on waking. These may occur following corneal trauma or spontaneously, when they are thought to be associated with epithelial basement membrane degener ation. 2 -11 During the acute stage an area of raised or loose epithelium is often identified. The symptoms usually Eye (1994) 8, 378-383 © 1994 Royal College of Ophthalmologists resolve rapidly and when the patient presents to the oph thalmologist few clinical signs may be present. Sub sequent recurrences may take place at intervals of a few weeks or months over a period of years. Although most cases respond to conventional medical therapy with lubri cant ointments, II hypertonic saline or soft contact lenses, 1 1 .1 3 the condition may occasionally be refractory to such treatment.
Surgical intervention was first reported over a century ago,"-4 but was largely superseded by chemical cauter isation.5. 6 In the 1960s and 1970s medical therapy became the mainstay of treatment. Over the past decade surgical intervention has regained popularity. Epithelial basement membranectomy has been recommended for cases associ ated with epithelial basement membrane degeneration, while anterior stromal micropuncture has been suggested for traumatic recurrent corneal erosion. [14] [15] [16] [17] During the mid 1980s clinical excimer lasers became available and offered a new approach to the treatment of superficial corneal pathologies. IX The advantages of such lasers derive from two unique characteristics. The first is the ability to remove corneal tissue with extreme precision and minimal adjacent tissue damage. 1 9 -1 2 The second is the large beam cross-sections, typically several millimetres in diameter, which allow simultaneous treatment of wide areas.
Following extensive laboratory investigations, clinical studies to evaluate the potential of excimer lasers in treat ing corneal pathology were conducted. Initially treatment was directed at removing superficial axial opacities or smoothing surface irregularities,IR.2 3 -1 7 the former result ing in an improvement in visual performance I 8. 1 3 -2 6 and the latter producing increased ocular comfortl8 or allowing the use of contact lenses."517
Subsequently, a number of centres, including our own, began to evaluate the role of excimer laser photoablation in the treatment of recurrent corneal erosion. Dausch et al."x recently reported a series of 74 eyes in which 55 (74%) were recurrence free post -operatively. All their cases were post-traumatic and treated with a laser with a radiant exposure at the cornea of 800 mJ/cm2, which is very much higher than that for refractive surgery. We report our experience with excimer laser phototherapeutic keratec tomy (PTK) for recurrent corneal erosion in a series of 17 eyes treated since January 1991. These cases included both epithelial basement membrane dystrophies and post-trau matic aetiologies. We discuss our surgical technique and suggest possible mechanisms of action of PTK in the treat ment of this condition.
MATERIAL S AND METHOD S

Excimer Laser
A Summit Technology UY200 excimer laser was used until July 1993 and thereafter a Summit Te chnology OmniMed excimer. Both systems had a spectral emission at 193 nm. The pulse energy resulted in a radiant exposure of 180 mJ/cm2 and the pulse frequency was fixed at 10 Hz. The beam configuration was circular in cross-section, with fixed diameters, selected to be between 1.0 and 5.0 mm in the UY200 laser and between 1.0 and 6.5 mm in the OmniMed system.
Subjects
There were 15 patients (17 eyes) who underwent excimer laser PTK for recurrent corneal erosion (Table I ). The mean age at presentation was 43 years (range 24-63 years). Eleven patients were female and 4 were male. The individ ual patient details are shown in Table l .
Assessment and Examination
Patients were fully counselled prior to surgery to discuss its investigative nature. A full ocular and medical history was taken and a detailed ocular examination performed, including where possible a full refraction. All patients reported the classic symptoms of corneal erosion syn drome, with episodes of pain, photophobia and lacrimation on waking. In 9 patients a previous episode of corneal trauma could be identified, while in 6 (8 eyes treated) the problem had occurred spontaneously. All patients with spontaneous recurrent erosions had bilateral symptoms. The mean duration of symptoms prior to PTK was 13 months (range 6-60 months). All patients had received non-hyperosmotic lubricant ointments, 7 had tried bandage contact lenses and 4 had undergone epithelial debridement with no amelioration of their symptoms.
There were 4 patients who were treated during an acute episode of recurrent erosion, in which a loose area of epi thelium could be easily delineated. In all the remaining patients areas of corneal epithelial abnormalities could be detected. These included regions of elevated epithelium, microcysts, epithelial fingerprints and zones of faint sub epithelial opacity (Fig. 1) .
Surgical Technique
A local anaesthetic (amethocaine Hell %) was instilled. The patient was put in a supine position under the laser and taught to fixate on the target light for the predicted duration of the procedure. The noise associated with the laser was demonstrated to the patient and they were warned to expect a smell of burning during treatment. A lid speculum was then inserted. The area of loose or abnormal epithelium was gently but meticulously removed using a moist weck cell sponge and/or a #64 beaver blade. In eyes where the zone of denuded epithelium partially encroached over the entrance pupil, residual epithelium was completely removed from over this area. This allowed the central cor nea to be treated with a single large (5.0-6.5 mm) ablation zone and to avoid the edges of treatment zones encroach ing on the axial cornea, as this might produce irregular astigmatism (Fig. 2) . A 20-30 pulse (5-7 11m) ablation was then performed to Bowman's membrane. The spot sizes used on the peripheral cornea were determined by the area of the abnormality to be treated. In eyes with epi thelial basement membrane degeneration where virtually all of the corneal epithelium was abnormal and therefore 
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removed, paralimbal areas were deliberately left untreated.
Post-operative Management
Post-operatively a mydriatic (homatropine 2%) and an antibiotic ointment (chloramphenicol 1 %) were instilled and the eye padded for 24 hours. Oral analgesics were pre scribed for the first 48 hours and chloramphenicol 0.5% eye drops were administered four times a day for 10 days. The majority of patients were followed up 1 week, at I, 3, 6, 9 and 12 months, and annually thereafter. A full refraction and slit lamp biomicroscopical exam ination were performed at each post-operative visit. Cor neal topography was examined using a photokeratoscope (TMS-I Topographic Modelling System, Computed Anatomy).
RESULTS
The results for individual patients are shown in Table I . All patients experienced ocular pain during the first 24 to 48 hours post-operatively. All eyes were re-epithelialised within 6 days.
In 13 eyes (patients 1-11) there was a marked improve ment in symptoms post-operatively with no recurrent epi sodes. The mean follow-up was 11 months (range 6-28 months). Four subjects (patients 12-15) experienced recurrent symptoms 3-6 months after PTK, of whom 2 have been retreated. One of these retreated eyes has been symptom-free for 12 months (patient 12) and the other for 3 months (patient 13). The remaining 2 individuals were treated with antibiotics and padding during the acute stage and then with non-hypersomotic lubricants at night. They have both been symptom-free for over 3 months (patients 14 and IS).
Best corrected visual acuity was unaltered in 9 eyes and improved by at least one Snellen line in 8 eyes. Full pre and post-operative refractive data were available in 11 of the 17 eyes. There was no statistically significant differ ence between the pre-operative and 6 month post-operative manifest reaction in these 11 cases. How ever, in 7 eyes (patients 3-8 and 10) a myopic shift of greater than -0.5 dioptres and up to -1.25 dioptres per sisted 6 months after PTK. All eyes appeared to have reg ular corneal topography at 6 months with no apparent topographical evidence of the ablation zones or surface irregularities (Fig. 3) .
A faint subepithelial haze appeared in 5 eyes 3 months after laser ablation. All treated eyes had clear corneas 6 months after treatment, except in I patient where pre operative anterior stromal scars persisted (patient 9).
One patient with large pupils complained of ghosting effects at night (patient 5). Topography of this patient's cornea was entirely normal with no evidence of central corneal flattening (Fig. 3) .
DISCUSSION
On the basis of our experience and that of other centres throughout the world, excimer laser PTK appears to offer great potential in the treatment of cases of recurrent cor neal epithelial erosion which are refractory to treatment with conventional medical therapy. The overall success rate in our patient group was 76%, which is similar to those of Dausch et al. (74%) 2 8 and Fagerhom et at. (84%). 25 Complications were minimal and this must reflect the limited ablation depths (5-7 flm) used to treat these eyes. Bowman's membrane is approximately 12 flm thick2 9 and therefore all our PTK treatments should have been effected within Bowman's membrane and not beyond it. The disturbances in corneal transparency that have been reported after photorefractive keratectomy (PRK) 3 0 did not occur in these eyes. There was only the slightest trace of subepithelial haze during the first 3 months in 5 eyes and this rapidly improved. We found no evidence of dis turbances in corneal transparency associated with the photoablative treatment persisting 6 months after surgery. Corneal topography revealed no abnormalities and best corrected visual acuity was either unaltered or improved post -operatively.
One patient complained of ghosting effects at night (patient 5). These may be associated with excursions of the pupil margins beyond the edges of the treated (5.00 mm) area on the central cornea. Such phenomena have been reported after PRK for myopia.31 However, top ography of this patient's cornea was entirely normal with no evidence of central corneal flattening or surface irregu larities (Fig. 3) . In view of this and the minimal tissue ablation required for the treatment of his eye compared with that for PRK, it is difficult to explain his symptomatology.
Previous reports of PTK have demonstrated a hyperopic shift in refraction post-operatively.ls. 2 6 This has been asso ciated with axial ablations to remove anterior stromal pathology and ablation depths many times greater than that used in the treatment of recurrent erosions. Our study showed that there was no statistically significant differ ence between the pre-and post-operative manifest refrac-tion. This again probably reflects the very limited amounts of tissue ablated from the stromal surface. An interesting observation in some of our patients was a small myopic shift in refraction. This may represent a slight steepening in the cental cornea due to peripheral stromal ablation. However, there was no topographical evidence of this and in view of the minimal amounts of tissue removed this explanation seems improbable. It is more likely to be due to a change in epithelial thickness of refractive index as a consequence of photoablation or as a result of an improve ment in epithelial stability.
Over the past decade anterior stromal micropuncture has been advocated for the treatment of recalcitrant recur rent erosions.IS -1 7 This technique involves puncturing the affected epithelium and underlying stroma with a hyper dermic needlels-1 7 or a Nd:YAG laser.32 These micro incisions bring the corneal epithelium in direct contact with the stroma, which results in the synthesis of new epi thelial basement membrane and a strong adhesion with the stroma. 33 The procedure is simple to perform at very low cost and appears to have a high success rate.IS-17.3 2 How ever, anterior stromal scars are associated with the punc ture sites and may affect visual acuity in extensive axial treatment. There is a risk of localised endothelial damage and corneal perforation, especially with small-gauge needles. 33 The minute amount of precise tissue removal and maintenance of corneal transparency may allow excimer laser PTK to produce more satisfactory results.
The mechanism of action of excimer photoablation in the treatment of recurrent erosion is unknown. It was the experience with PRK that first suggested a possible role for photoablation in the treatment of recurrent erosion. Despite the creation of an iatrogenic corneal abrasion as part of the PRK procedure, long-term problems with epi thelial instability do not occur. A few patients may com plain of ocular discomfort on waking, which usually settles a few months after surgery. 3 4 Very occasionally a patient may experience a single episode of epithelial breakdown several weeks post-operatively, but recurrent episodes do not occur.34 In our experience of over 600 PRK treatments since February 1990 we have not identi fied any patients with recurrent corneal erosion and this appears to be persistent with the findings of other research groupS. 35 Histological studies of excimer-Iaser-ablated monkey corneas have shown an increased accumulation of type VII collagen (a major component of anchoring fibrils) and hemidesmosomes along the basement mem brane of the basal epithelial cells. 36 . 37 Human studies have indicated that the basal epithelial layer forms hemidesmo somes and new basement membrane within 2 weeks of photoablation.30 In addition, there appear to be undu lations and excursions of stromal collagen, as large as 4 flm, into the basal epithelial layer.30 These are most noticeable on the edge of the ablated zone. Such undu lations would greatly increase the surface area of attach ment. Thus new hemidesmosomes, anchoring fibrils and epithelial basement membrane are synthesised rapidly and in increased amounts after PRK and problems with epi-thelial instability would therefore not be expected. Indeed, in those patients who are re-treated, the epithelium appears to be firmly adherent to the underlying ablated zone and may be very difficult to remove.
In the treatment of recalcitrant erosions, it is possibly both the removal of the 'abnormal' epithelium and base ment membrane and the ablation of Bowman's membrane that are important for a successful outcome. The former results in regeneration of basal epithelial cells with the production of a new basement membrane, while latter will allow the epithelium to come into direct contact with stro mal elements, stimulating the synthesis of new anchoring fibrils and hemidesmosomes.
Excimer laser technology, although expensive, is becoming more widely available due to the demand for refractive procedures. One of the potential benefits of this is the possibility of improving the treatment of recalcitrant recurrent corneal erosion. The success rate in such cases is high and the complications are very few. Further studies are now indicated to compare its effectiveness with estab lished surgical procedures.
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